Abstract Latino immigrants, particularly Mexican, have some health advantages over U.S.-born Mexicans and Whites. Because of their lower socioeconomic status, this phenomenon has been called the epidemiologic ''Hispanic Paradox.'' While cultural theories have dominated explanations for the Paradox, the role of selective migration has been inadequately addressed. This study is among the few to combine Mexican and U.S. data to examine health selectivity in activity limitation, self-rated health, and chronic conditions among Mexican immigrants, ages 18 and over. Drawing on theories of selective migration, this study tested the ''healthy migrant'' and ''salmon-bias'' hypotheses by comparing the health of Mexican immigrants in the U.S. to non-migrants in Mexico, and to return migrants in Mexico. Results suggest that there are both healthy migrant and salmon-bias effects in activity limitation, but not other health aspects. In fact, consistent with prior research, immigrants are negatively selected on selfrated health. Future research should consider the complexities of migrants' health profiles and examine selection mechanisms alongside other factors such as acculturation.
Introduction
Research has identified an ''immigrant health paradox'' in which immigrants have better health than the native-born, higher socioeconomic status groups in several destination countries [1] [2] [3] . In the United States, this health paradox is best documented and strongest among Mexicans, who are the largest Latino group, with approximately 29 million Latinos in the U.S. being of Mexican origin [4] . Mexicans are also among the poorest and least educated U.S. Latino groups [5] . Despite their lower average socioeconomic statuses, Mexican immigrants have some health advantages, such as lower mortality rates, compared to U.S.-born Mexicans, other Latinos, and Whites. Two main explanations have come to dominate the research on this epidemiologic ''Hispanic paradox'' [6] : (a) Latino health is protected by cultural factors, such as a traditional diet and familial support, that deteriorate with acculturation, and, (b) migrants are selected by health status, with healthier people immigrating to the U.S. and unhealthy people emigrating from the U.S. Many studies have examined cultural explanations [7] [8] [9] , finding that immigrants who have been in the U.S. longer have worse health than recent arrivals, but less research has addressed selection explanations.
Selective migration may shape the health profiles of U.S. Mexican immigrants through two primary mechanisms-called the ''healthy migrant'' and ''salmon-bias'' hypotheses. First, healthier people may be more likely to migrate [10, 11] , a hypothesis called the ''healthy migrant'' effect. Immigrants are not a random cross-section of their origin countries' populations, but rather are selected on certain characteristics, for example education [12, 13] . Yet it is unclear whether migrants are also selective in terms of their health. The second hypothesis, called the ''salmonbias,'' is that unhealthy people emigrate from the United States, inflating the average population health of the remaining immigrants [14] . Indeed, until the recent tightening of border security, many Mexicans engaged in circular migration, going back-and-forth between Mexico and the United States [15] , which could affect the accuracy of health statistics.
Despite evidence suggesting that migrants may be healthier than non-migrants, few studies have adequately examined selective migration. With a few notable exceptions [11, [16] [17] [18] , most studies that examine the Paradox or migrant health selectivity use data from the destination country only [14, 19, 20] , which cannot assess whether migrants are healthier than the non-migrant populations they leave behind or whether return migrants are less healthy than immigrants who stay in the destination country. To answer those questions, data from both the origin and destination countries are necessary.
The few studies that use origin and destination data may be of limited generalizability. A recent longitudinal study assessed whether self-rated health and several biological risk indicators (such as blood pressure) predicted subsequent U.S. migration among Mexicans, finding weak support for the healthy migrant hypothesis [11] . However, this study focused on these biomarkers, which may be indicators of risk for later disease, rather than current health conditions. Another study combined U.S. and Mexican data to examine adults ages 65 and over, finding support for the salmon-bias and healthy migrant hypotheses [17] . However, selection mechanisms may vary for younger and older adults since both the likelihood of emigrating from Mexico, and that of returning to Mexico vary with age [15] . Most Mexican immigrants come to the U.S. as young working-age adults [21] , whose reasons for migrating are usually financial and likely quite different from those of older adults, who may migrate to accompany family members; therefore, results from studies on older adults may not be generalizable to younger migrants. Another study that combined U.S. and Mexican data not only used older adult samples, but the national surveys were completed almost a decade apart; thus, apparent differences between the migrant and non-migrant populations could be misattributed to selective migration rather than to demographic and health changes over the decade [16] . Thus, these studies do not adequately capture the full, binational picture of migrant health selectivity.
The present study aims to fill gaps in the existing literature by combining Mexican and U.S. data from overlapping years to examine health selection among Mexican immigrants, ages 18 and over. Activity limitations, selfrated health, and chronic conditions will be examined among recent and longer-term Mexican immigrants in the United States, and non-migrants and return migrants in Mexico. U.S.-born Mexicans and Whites will also be included for comparability with previous research. These health measures are important both in assessing whether there is a ''Latino paradox'' in these outcomes, and also in that they may contribute to the Latino mortality advantage. Physical activity is associated with lower mortality [22] and being sedentary with increased mortality [23] ; thus, those who are limited in their ability to perform moderate or vigorous physical activity are likely to be at higher risk of mortality. Poor self-rated health is also related to mortality risk among respondents in the U.S. [24] and other countries [25] . Finally, chronic conditions also predict mortality [26] .
This study tests the following hypotheses:
''Healthy migrant'' hypothesis: Mexican immigrants in the U.S. are healthier than non-migrants in Mexico.
''Salmon-bias'' hypothesis: Return-migrants (those who migrated to the U.S. and subsequently returned to Mexico) are less healthy than Mexican immigrants in the U.S.
Note that these hypotheses are not competing; there may be support for either one or both. The results from this study will shed light on the ''Hispanic paradox'' and ethnic health disparities by examining whether selective migration shapes Mexicans' health profiles. [27] . It contains information on 35,000 individuals in 8,500 households, collected from one-on-one interviews conducted in respondents' homes with all household members ages 12 and older. The NHIS is nationally-representative of the U.S. civilian non-institutionalized population [28], collected using in-home computer-assisted personal interview. The datasets were appended and analyses carried out in Stata 10.1. After limiting the sample to adults ages 18 and older, and excluding cases missing information on immigration, age, sex, education, employment or marital status, the final analytic sample size of the combined U.S. and Mexico data was 160,265.
Dependent Measures

Activity Limitations
Respondents ages 50 and older in the MxFLS were asked how much difficulty they have doing each of the following activities: (a) carry a bucket, (b) walk 5 km, (c) climb stairs, (d) kneel down, (e) dress with no help, (f) use the toilet with no help, and (g) stand up from the floor (see ''Appendix 1'' for the question wording). For each question, responses were coded 0 if the respondent reported no difficulty with the activity, 1 if the respondent reported having any difficulty, and 2 if the respondent reported not being able to do the activity at all (in the NHIS, those who reported that they do not do the activity were coded as missing). Summing the responses to the seven questions resulted in a scale ranging from 0 (no difficulty at all) to 14 (cannot do any of the activities). Because of the highly skewed distribution of the responses (nearly 70 % of the combined sample reported no limitation), the measure was dichotomized, coded as 0 for no difficulty at all, and 1 if any difficulty was reported with any of the activities. A limitation of this measure is that in the MxFLS, only persons ages 50? were asked these questions, so some of the cell sizes were small. For this reason, estimates for activity limitation should be interpreted with caution.
Self-Rated Health
Self-rated health is a self-assessment of the respondent's overall physical health. In both surveys, the five-point selfrated health scale is dichotomized, a common approach when the response distribution is highly skewed [29] [30] [31] . The self-rated health variable is coded 1 for those reporting the worst health (''poor'' or ''fair'' in the NHIS; ''very bad'' or ''bad'' in the MxFLS) and 0 for those reporting the best health (''excellent,'' ''very good'' or ''good'' in the NHIS; ''very good,'' ''good,'' or ''regular'' in the MxFLS).
Chronic Conditions
The surveys asked whether the respondent has ever been told that he or she has diabetes, heart disease, hypertension, or cancer. The conditions were aggregated into a variable coded 1 if the respondent has any of the conditions and 0 if none. Because respondents can only report conditions that they have been told they have, there may be some group differences in reporting due to differences in health care utilization and the likelihood of being diagnosed. The self-reported nature of the data is a limitation.
Independent Measures
The combined surveys allow comparison of several groups. From the MxFLS, non-migrant Mexicans (those who reported never moving outside the country) and return migrants were examined. Return migrants were identified in the permanent migration section of the questionnaire, as those who responded that they had at least one change of residence (lasting one year or more) to the United States. From the U.S. NHIS, the following groups are included: (a) Mexican immigrants who have lived in the U.S. less than 5 years, (b) Mexican immigrants who have lived in the U.S. 5 years or more, (c) U.S.-born Mexicans, and (d) U.S.-born Whites. Socio-demographic controls include: age (range 18-85, top coded at 85), sex (male = reference group), marital status (married/cohabiting = reference), education (never attended or kindergarten = reference), and employment last week (working for pay = 1). Tables 1 and 2 present the socio-demographic characteristics of the Mexico and United States samples, respectively. Both unweighted and weighted estimates, representative of the respective population, are presented for each country. In Table 3 the age-standardized rates of each health condition are presented. These were calculated using the weighted MxFLS and NHIS to obtain the crude rates of each health condition for each group. Then, using the 2000 Mexican Census to obtain data on the age distribution of the Mexican population ages 18 and over, direct standardization methods [32] were used to adjust the crude rates using the year 2000 Mexican population (ages 18 and over) as the standard population. Finally, Table 4 presents logistic regression odds ratios of activity limitation, self-rated health, and chronic conditions using the unweighted data, since current statistical methods preclude the calculation of a single function to weight the data. In the regressions, non-migrant Mexicans are the reference group, and Chi-square tests examined differences between other selected migrant groups; these results are noted intext, but omitted from tables in the interest of space.
Analysis
A methodological issue with combining these surveys was how to weight the data to be nationally-representative of their respective populations. Since the sampling frames differ between the surveys, and both have complex sampling designs with stratification, clustering, and sampling weights, it was not possible to create a single likelihood function to adjust for both designs and populations sampled [c.f., 33]. This was addressed by carrying out analyses within each survey separately, both unadjusted and adjusted for sample design, and then comparing the results. Moreover, the unweighted data from the MxFLS were compared to Mexican Census data to gauge whether using unweighted data produces biased estimates (see ''Appendix 2''). This method of combining surveys is a step toward developing more refined methods of analyzing data from combined complex surveys. The results of this study should be interpreted with this issue in mind and future research should flesh this out with greater efficacy than could be done in this study. Tables 1 and 2 present the socio-demographic characteristics of the Mexico and United States samples, respectively. In the Mexican data, it is important to note that the difference between the unweighted and weighted estimates was small, lending confidence to analyses in which estimates are unweighted. On average, the Mexican population was around 40 years old, more likely to be female, married or cohabiting, with education up to the 8th grade level, and employed. Compared to non-migrant Mexicans, return migrants were significantly more likely to be male, married, employed, and have lower education. Overall, the U.S. population (Table 2 ) was slightly older, more educated, and had higher employment, but there are significant differences by ethnicity and immigrant status. Importantly, Mexican immigrants were much more likely than U.S.-born Mexicans to have completed the NHIS in Spanish or both English and Spanish.
Results
Sample and Population Characteristics
Population Health: The United States and Mexico Compared
To account for the fact that the U.S. population was older than the Mexican population, age-standardized rates of the diagnosed health conditions are presented in Table 3 . These rates reveal some important differences in health conditions by nativity and ethnicity. Mexican immigrants have lower rates of chronic conditions than U.S. Whites, supporting the ''Hispanic Paradox.'' However, compared to non-migrant Mexicans, Mexicans in the U.S. were disadvantaged, and U.S.-born Mexicans had higher rates of chronic conditions than Mexican immigrants. In terms of self-rated health, U.S.-born Mexicans had higher ageadjusted rates of poor health compared to non-migrant Mexicans, U.S. Mexican immigrants, and U.S.-born Whites. [10] . This discrepancy may reflect actual difference in activity limitation, or differences in study designs-the younger ages included here (age 50 and older, vs. 65 and older), or different operationalization of activity limitation. Because these analyses are restricted to ages 50 and over, some of the cell sizes were small, so estimates for activity limitation should be interpreted with caution.
Among adults ages 18 and over, self-rated health patterns revealed that non-migrant Mexicans had lower odds of reporting fair or poor health compared to almost all other groups, with the exception of Mexican return migrants whose odds of poor health were not significantly lower than non-migrant Mexicans (OR = 0.748, ns). Specifically, recent U.S. immigrants had 2.5 times greater odds, more established immigrants almost 4 times greater odds, and U.S.-born Mexicans 6 times the odds of reporting poor health. White Americans also had much higher odds of poor health (OR = 4.366, p \ 0.001). Moreover, return migrants were less likely than Mexican immigrants in the U.S. to report poor health. For example, contrary to both selection hypotheses, the differences between both return migrants and established immigrants (v 2 = 31.28, p \ 0.001) and return migrants versus recent immigrants (v 2 = 17.68, p \ 0.001) were statistically significant.
Broadly, the results for overall chronic conditions mirrored those for self-rated health, but the magnitude of the differences was smaller. Neither recent immigrants nor return migrants differed significantly from non-migrant Mexicans in the odds of having at least one of the four conditions examined. However, established Mexican immigrants, and U.S.-born Mexicans and Whites had significantly higher odds of chronic conditions than nonmigrant Mexicans. These findings were similar to those for self-rated health, which increases the credibility of the selfrated health reports, since many individuals take specific health conditions such as chronic conditions into account in their health self-ratings [34] .
Discussion
Using combined data from the United States and Mexico, this study examined migrant health selectivity, testing the ''healthy migrant'' and ''salmon-bias'' hypotheses as explanations for the health outcomes of U.S. Mexicans. The results revealed several important health differences between Mexicans in the United States and those in Mexico, providing mixed support for these selection hypotheses, depending on the health measure in question, and suggesting a deleterious health effect of time in the United States. In line with previous research, U.S.-born Mexicans fared worse than first generation Mexican immigrants in all health conditions, and worse than nonmigrant Mexicans in Mexico in terms of self-rated health and chronic health conditions. Moreover, recent immigrants had lower odds of poor health than more established immigrants. Although these cross-sectional data cannot formally examine longitudinal changes that occur with time in the U.S., this finding corroborates previous research suggesting that acculturation has deleterious effects on immigrant health [7, 13, 35] . Mexicans' negative health outcomes highlight the importance on focusing not just on their ''paradoxical'' positive health outcomes because those may obscure major public health problems, such as obesity and diabetes, in this population.
Overall, this study's findings provided support for both a healthy migrant effect and salmon-bias for activity limitation, but these selection effects did not appear relevant in self-rated health or chronic conditions. Mexican immigrants in the United States had lower odds of activity limitation than non-migrants. This suggests that Mexicans without physical impairments are more likely to migrate, supporting the healthy migrant hypothesis. The salmon- bias hypothesis was supported by the finding that return migrants have higher odds of activity limitation than Mexicans in the United States. A plausible explanation is that having an activity limitation hinders migration to the United States among those in Mexico, but encourages Mexicans in the U.S. to re-emigrate back to Mexico. As a heuristic, a scenario where this may be in play, for example, is when a Mexican immigrant who came to the United States with no functional impairment, subsequently develops an activity limitation and is no longer able to work (perhaps only temporarily), and consequently returns to Mexico. Future research might examine how long return migrants have been in Mexico and the duration of their physical limitation to shed light on this issue. Furthermore, immigrants have poorer self-rated health than those in Mexico, which is consistent with previous research that found poor self-rated health was related to higher odds of migration in rural male and females, suggesting the opposite of a healthy migrant effect [11] . However, due to the subjective nature of self-rated health, it is unclear to what extent this difference in self-rated health is related to cultural or linguistic differences in response to the self-rated health question. A recent study examining two U.S. surveys found that those who interview in Spanish language are more likely to rate their health as fair or poor, net of demographic and some health differences [36] , and that the ''fair'' category (''regular'' in Spanish versions of the surveys) likely accounts for much of the difference; however, the same study did not find these language effects when examining the 2002 NHIS. In this study, over 80 % of recent Mexican immigrants completed the interview in Spanish (or both English and Spanish), and the self-rated health question wording in the NHIS and the MxFLS is very similar. The high percentage of recent immigrants who were surveyed in Spanish supports the validity of the conclusion that Mexican immigrants' poorer self-rated health (compared to non-migrants) is a real difference in subjective health rather than a reporting difference. Moreover, consistent with other recent research, return migrants in this study did not differ in self-rated health from non-migrants [37] . Thus, this study indicates that physical/functional ability plays a role in predicting who returns to Mexico, whereas self-rated health and chronic conditions (as a whole) do not.
This study attempted to address the challenges of combining surveys noted by others [16] , but is not without limitations. First, the validity of cross-cultural comparisons, especially of subjective measures, is uncertain. It is possible that immigrants' greater odds of poor self-rated health are due to cultural differences in reporting, rather than differences in health. For this reason, the results for self-rated health should be interpreted with this limitation in mind. However, the surveys used here were chosen based on comparability to reduce some of the potential bias arising from analyzing different cultures and populations. An advantage of using a Mexican survey is that the question wording is appropriate to the Mexican context, yet still comparable to the U.S. survey. Moreover, there were methodological challenges with combining datasets. This study takes a preliminary step toward developing appropriate methods for examining selection using the exploratory method of combining origin and destination samples, and addresses this issue by comparing the samples and populations in each survey.
The second issue with combining these surveys had to do with how to weight the data to be nationally-representative of the respective populations. This was addressed by carrying out analyses within each survey separately, and by comparing the analyses that were unadjusted to those adjusted for sample design. Since the sampling frames differ between the surveys and both surveys were based on complex sampling designs, with stratification, clustering, and sampling weights, it was not possible to create a single likelihood function to adjust for both designs and populations sampled [c.f., 33]. Instead, analyses used unweighted data. Yet comparisons of the unadjusted Mexican survey data to Mexican Census data (see ''Appendix 2'' for Census data) suggest the differences are small and would not produce biased estimates. Nevertheless, the results of this study should be interpreted with this issue in mind and this method is a step toward developing more refined methods of analyzing data from combined complex surveys.
Future research may build upon the knowledge gained from this study in several ways. The next step is to examine chronic conditions separately to understand whether there are selection effects for specific conditions that are masked when examining the conditions in aggregate. Although national-level surveys are useful in their generalizability, research should take regional differences (such as characteristics of the sending and receiving communities) into account, which this study was unable to do due to data constraints. In addition, there are documented gender differences in the impetus for and experience of migration [38] [39] [40] , as well as in health outcomes among immigrants [10] and the broader U.S. population [41, 42] , that substantiate the need to examine potential sex differences in selection.
More research is needed to understand whether U.S. immigrants are selected on health, and, if so, which immigrant groups and on what health dimensions. Yet the lack of evidence for selection effects in this study points to other mechanisms at play in the Hispanic Paradox. It is likely that a complex confluence of factors lead to lower mortality in Latino immigrants, including some healthprotective behaviors, such as lower rates of smoking [43] . Moreover, the rapid deterioration of immigrants' health with time in the United States and across immigrant generations suggests that aspects of Latino immigrants' lives in the United States are deleterious to health. Some of the factors contributing to immigrants' health include discrimination and acculturative stress [44, 45] , language and structural barriers [46] , and adoption of health-risky behaviors-for example, worsening diet [47] -many of which are linked to the built environment [48] .
Conclusions
This study aimed to contribute to existing knowledge about migrant health by examining health selectivity among Mexican immigrants. It provided insight into the benefits and challenges of combining origin and destination data to examine selective migration as an explanation for health disparities between migrant and non-migrant populations. This undertaking is valuable for several reasons. First, it is among the few to test migrant health selectivity by combining U.S. and Mexican data [16, 17] . Second, this is the first study to the authors' knowledge to calculate agestandardized rates of multiple health outcomes in the United States and Mexico by ethnicity and migration status. Third, the study assessed the potential for combining the U.S. NHIS and MxFLS for use in comparative analyses. Finally, the study highlighted how selection processes operate differently for various health conditions, finding that migrants are selective in some health aspects, but not others.
Like their non-Latino compatriots, the health profile of U.S. Latinos is complex. The epidemiologic ''Hispanic Paradox'' provides hope that Latinos may not suffer the same burden of disease as other groups of low socioeconomic standing, yet evidence points to troubling increases in morbidity over the past decades, and for immigrants, with time in the U.S. and across generations. This study has provided evidence that there is no simple explanation for Latinos' perplexing health outcomes, such as simply that healthier people migrate. Rather, migrants are positively selected in some health aspects, negatively selected in others, and in yet other health outcomes, there is no selection effect. In sum, selective migration plays a role in explaining some of U.S. Latinos' health outcomes, but is not the only explanation and does not account for the Paradox. To more effectively address the health needs of this large immigrant group, more attention should be paid to migrants' worsening health over time in the United States, and the role of selective migration in shaping migrant health should be considered alongside other factors such as acculturation.
The results of this study are a step toward understanding how the health of Mexican immigrants in the United States compares to those in Mexico, and suggests the importance of assessing the role of selective migration in shaping migrant health profiles in destination countries globally. Considering that this immigrant health paradox has also been documented in other immigrant-receiving countries, it is important that researchers ask to what extent selective migration explains migrant health in various destination countries among varied immigrant groups. By examining migrant health in bi-national perspective, this study has taken a step in this direction. Percentages may not sum due to rounding. a Calculated for population ages 15?
